A taurine-functionalized 3D graphene-based foam for electrochemical determination of hydrogen peroxide by Zhi-Yong Guo et al.
Contents lists available at ScienceDirect
Talanta
journal homepage: www.elsevier.com/locate/talanta
A taurine-functionalized 3D graphene-based foam for electrochemical
determination of hydrogen peroxide
Zhi-Yong Guoa,1, Yu-Feng Fengb,1, Yi-Ying Chenc, Qiu-Hong Yaoa, He-Zhou Luod, Xi Chenc,∗
a Institute of Analytical Technology and Smart Instruments and College of Environment and Public Healthy, Xiamen Huaxia University, Xiamen, 361024, China
b The First Affiliated Hospital of Xiamen University, Xiamen University, Xiamen, 361003, China
c Shenzhen Research Institute of Xiamen University, Shenzhen, 518000, China
d SEPL Quality Inspection Technology Service Co., Ltd., Fujian, Fuzhou, 350000, China






A B S T R A C T
We present a synthesis approach of taurine-functionalized graphene foam (a-NSGF) using hydrothermal re-
duction, freeze-drying and high temperature annealing. The higher temperature in annealing allowed the N/S
atoms of taurine enter into the graphene lattice, which improves its electrocatalytic activity greatly. The a-NSGF
consisting of taurine that modified into 3D layers of graphene and endow is of the rapid sensitive to hydrogen
peroxide (H2O2). The electrode using a-NSGF modification reveals highly sensitive and stable towards the
concentration change of H2O2 due to the stable 3D structure and good electrical conductivity of a-NSGF. A linear
correlation between H2O2 concentration and the electrochemical signal is found to be in a range from 1.5 to
300 μM and the correlation coefficient is R2= 0.999. The modified electrode has been applied in the determi-
nation of H2O2 in rain samples and the results have been compared with the China National Standard Method.
The recoveries range from 94.6% to 106.7%. These results show that the proposed sensor is promising for the
development of novel electrochemical sensing for H2O2 determination.
1. Introduction
Two-dimensional graphene materials evolve as a significance ma-
terial to construct three-dimensional (3D) graphene with macroscopic
3D structure. The evolution of dimension is an essential ways to expand
the application field of graphene materials. On this basis, 3D graphene
materials with adequately structure and chemical composition are ob-
tained through modification or functionalization progress and endow
with better and more surface performance characteristics. In hence, 3D
graphene materials with their unique property have superiority po-
tentials in various fields such as catalysis, sensing, environmental pro-
tection and energy [1–3]. 3D graphene can be modified with variety
ways, such as using templates to build special 3D structures and
forming complexes with metal materials. At present, the improvement
of the catalytic activity of graphene materials is still a hot research
topic.
Heteroatom doping is a practical and effective way to improve the
catalytic activity of 3D graphene materials. The introduction of het-
eroatoms into the lattice network of graphene materials will effectively
increase the defect and active site of graphene. The electronegativity
heteroatoms doped in the graphene materials will change the dis-
tribution of electron cloud on the slice layer and improve the reactivity
of 3D graphene materials [4]. In the previous reports, N doped 3D
graphene has been applied to the sensing of H2O2 sensitively [5]. Re-
cently, the heteroatom co-doped graphene materials with higher cata-
lytic activity have been performed in various fields due to the sy-
nergistic effects of various heteroatoms [6–9].
2-Aminoethanesulfonic acid (AESA), also known as taurine, is an
essential nutrient element for human body and environmental friendly.
Taurine molecule is connected with amino and sulfonate roots, which
can provide both N and S heteroatoms. In addition, taurine molecule
could be served as a 3D scaffolds to connect multiple graphene oxide
(GO) nanosheets simultaneously, helping to build 3D structures during
hydrothermal processes.
Hydrogen peroxide (H2O2) is an active oxidative reagent, and
widely used in food, pharmaceutical, paper making, chemical and in-
dustries. Medical studies have shown that H2O2 is associated with a
variety of serious diseases, such as alzheimer's disease, myocardial in-
farction, atherosclerosis, parkinson's disease, and cancers. The peroxide
free radicals generated from H2O2 are more closely related to the aging
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of human cells [10–12]. In the environmental morning, H2O2 is a sig-
naling factor to evaluate the situation of the water or air pollution,
which reveals the importance to develop effective, accurate and low
cost approaches for the monitoring of H2O2 level in environmental
samples. Among various sensing approaches for H2O2, electrochemical
H2O2 sensors, especially nonenzymatic amperometric biosensors, play a
key role due to their high stability and good electrocatalytic perfor-
mance [13,14]. In hence, the development of accurately and sensitively
methods to detect H2O2 is of great significance.
Recently, several reports are presented including the electrode
modified layer-by-layer chitosan-decorated pristine graphene [15], ni-
trogen-doped graphene-encapsulated nickel cobalt nitride [16] and 3D
interconnected carbon nanorod aerogel [17] for the electrochemical
analysis of H2O2. In this study, taurine is used as a precursor to prepare
N/S co-doped 3D graphene foam (NSGF) by a hydrothermal reduction.
Then, NSGF is further treated with high-temperature annealing and the
heteroatoms enter into the graphene lattice network. The final product,
a-NSGF, with high electrocatalytic activity is obtained, which can be
used to construct an effective H2O2 electrochemical sensor.
2. Experimental section
2.1. Materials
30% hydrogen peroxide was purchased from Guangdong Chemical
Reagent Engineering-technological Research and Development Center
(China), and quantified at 240 nm with an absorptivity of
38.1 mol−1 L cm−1 following the Miller's report [18]. The changing
concentration of the 30% commercial hydrogen peroxide was lower
0.5% after a half of year storage, and the average concentration was
found to be 10.30 ± 0.05M KH2PO4 and Na2HPO4 were obtained from
the Chemical Reagent Company of Shanghai (China). Taurine (AESA)
and 5% Nafion were purchased from Sigma-Aldrich (Shanghai). The
graphite powder was got from Lvyin Co. Ltd. (China). Rod glassy carbon
electrodes (GCEs) were from BAS Co. Ltd. (Japan). All other reagents
were at least analytical grade and without further purification. The
water was used throughout the experiments using the water purifica-
tion system (Millipore, USA).
2.2. Instruments
A scanning electron microscope (SEM, Hitachi S4800, Hitachi,
Japan) was performed to investigate the sample morphology and the
acceleration voltage was selected at 15 KV. Transmission electron mi-
croscope (TEM) images were obtained by a JEM-1400 microscopy
system (JEOL, Japan) with an acceleration voltage at 200 kV. The X-ray
diffraction (XRD) patterns were acquired with a Rigaku Ultima IV in-
strument (Kuraray, Japan) with Cu target (40 kV, 20mA, λ= 1.54051
A). X-ray photoelectron spectroscopy (XPS) measurements were per-
formed by a PHI Quantum 2000 XPS system (Physical Electronics,
USA), with Al target as the excitation source (Ka=1486.60 eV), and
the charged calibration was conducted according to the contaminated
carbon C1s (Ecis= 284.6 eV) on the sample surface. Raman spectrum
was acquired by Nanophoton Raman 11 (Nanophoton, Japan) with an
excitation wavelength of 532.00 nm, laser current of 100% and ex-
citation power of 5.5 mW. A vacuum tube furnace (BTF-1400c, China)
was applied for the high temperature annealing.
Electrochemical measurements were performed using a CHI 660B
Electrochemical Analyzer (CHI Co. LTD. Shanghai, China). The con-
ventional three-electrode system included a glassy carbon electrode
(GCE) coated with graphene materials-Nafion film, a platinum auxiliary
electrode and a saturated calomel reference electrode (SCE). The scan
range of the applied potential was from−1.0 V to +1.0 V, and the scan
rate was set at 100 mV/s. In the experiment, 0.1 M KH2PO4–Na2HPO4
buffer solution (PBS) at pH 7.0 was used.
2.3. Preparation of modified electrodes GO, NSGF and a-NSGF
2.3.1. Preparation of GO
Graphene oxide (GO) was prepared according to a modified
Hummer's method [19,20]. 2 g of graphite powder, 1 g NaNO3 and
46mL 98% H2SO4 were added into a 3-necked bottle, stirring in ice
bath for 4 h. Then, 6 g KMnO4 was slowly added into the above solu-
tion. The product solution was removed to an ice bath quickly, and then
stirred for 2 h continually. After centrifuged and dried, pure GO could
be obtained. 1 g of GO was put into 500mL of ultra-pure water, and
2mgmL−1 of GO aqueous solution was obtained with the aid of ul-
trasonication.
2.3.2. Preparation of NSGF and a-NSGF
Typically, a mixture solution containing 90mg AESA and GO aqu-
eous dispersion (15mL, 2mgmL−1) was sonicated for 60min and
sealed in a 20mL Teflon-lined autoclave, then maintained at 180 °C for
12 h. After the autoclave was naturally cooled down to room tem-
perature, the as-prepared product was taken out, washed using water
for 3 times and then freeze-dried for 24 h. Columnar NSGF could be
obtained. After, N, S co-doped 3D graphene (a-NSGF) was obtained
through one hour annealing at 1000 °C under an Ar atmosphere.
2.3.3. Preparation of modified electrodes
5mg a-NSGF was mashed and added into 5mL anhydrous ethanol.
After ultra-sonicated for 60min, 1mgmL−1 a-NSGF suspension could
be obtained. Glassy carbon electrodes (GCEs) were polished using 1.0,
0.3 and 0.05 μm α-Al2O3 powder, respectively, and then cleaned ul-
trasonically by ethanol and ultra-pure water. After the electrode surface
was dried with nitrogen, 6 μL a-NSGF suspension was dip-coated onto
the electrode surface, and the process was repeated six times. After the
modification, 4 μL 0.5% Nafion solution was finally dip-coated. The
modified electrode was left at room temperature until completely dried.
The modification process for the other materials was the same as above.
2.4. H2O2 sensing based on a-NSGF modified electrode
All experiments were carried out with 0.1mol L−1 PBS (10mL,
pH=7) and performed under room temperature. In the H2O2 sensing
electrochemical system, GCE was served as the working electrode, Pt
filament was used as the counter electrode, and calomel was selected as
the reference electrode. The applied potential for the electrochemical
sensor was selected ranging from−1V to 1 V at a scan speed of 0.1 V/s,
and the test solution was mixed with different concentrations of H2O2.
In the investigation of the detection selectivity towards H2O2, several
interference were selected 200 μM ascorbic acid (AA), uric acid (UA),
dopamine (DA), acetaminophen (AP), citric acid (CA) or glucose (GL),
and 1000 μM common inorganic salts such as NaCl, KCl, NaNO3,
NaNO2, Na2SO4, MgCl2 and CaCl2. Parallel experiments were conducted
to obtain the reliable results.
In the determination of the H2O2 in real samples, rain water samples
in summer were collected. All rain water samples were filtered using
0.45 μm filters, and then stored in brown bottles for further experi-
ments. The H2O2 determination was performed as soon as sampling.
The determination result for each sample was compared and confirmed
by the China National Standard Method (GB 5009. 226–2016).
3. Results and discussion
3.1. Morphology and structure characterization of a-NSGF
Cylindrical NSGF and a-NSGF with a diameter of about 8mm and a
height of about 10mm could be obtained after hydrothermal reduction,
freeze-drying and high temperature annealing. There is no significant
difference between NSGF and a-NSGF in macrostructure (Fig. 1a). The
mass weight is about 25mg for NSGF, and 15mg for a-NSGF,
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respectively. The obtained NSGF and a-NSGF are both light enough to
place stably on a Calliandra haematocephala flower. The SEM observa-
tion for the NSGF and a-NSGF are shown in Fig. 1b and c. The inner part
of the material is a spongy 3D porous structure, and the pore wall is
formed by the random stack cross-linking of graphene nano-sheets.
More porous in a-NSGF structure could be observed after high-tem-
perature annealing comparing with NSGF, and the pore size was
somewhat larger than that before annealing. TEM images (Fig. 1d and
e) show the folded nano-sheet layers, which are typical morphology of
the nano-sheet layers of graphene [21]. Under physical grinding and
ultrasonic dispersion, NSGF and a-NSGF still remain the above mor-
phology and microstructure. As shown in Fig. S1, the small pieces of
NSGF and a-NSGF remains the clear three-dimensional porous structure
after ultrasonic dispersion.
The XRD characterization results reveals that a-NSGF has a broad
diffraction peak at 23.6° as shown in Fig. S2, which is assigned to the
(002) plane of stacked graphene sheets in the XRD pattern [12]. In the
experiments, XPS was applied to further explore the chemical compo-
sition of NSGF and a-NSGF. As shown in Fig. 2a, NSGF's wide spectrum
has obvious characteristic peaks of C, O, N and S, with 283.9 eV as C1s,
531.0 eV as O1s, 399.0 eV as N1s and 167.0 eV is S2p.The bonding of
the NSGF was then further studied using XPS. As shown in Fig. 2a, two
strong peak at 284.8 eV and 532.8 eV could be characterized as the
graphitic C1s and O1s, respectively [22,23]. The high resolution C1s
spectrum (Fig. 2b) is peak-fitted into five components, including the
aromatic sp2 structures C]C (~284.8 eV), defect C–C component
(~285.1 eV), C–O (hydroxyl and epoxy, ~286.4 eV), and C]O (car-
bonyl, ~289.1 eV) groups in NSGF [11]. These results prove that the
hydrophilic oxygen-containing groups, such as hydroxyls, epoxy and
carboxyl groups present in NSGF. The characteristic N1s peak of NSGF
at 401.1 eV consists two components, assigns to the amino nitrogen
(Amino, N-A, ~401.5 eV) and pyrrole nitrogen (Pyrrolic, N-5,
~400.0 eV) [6] as shown in Fig. 2c. The nitrogen atoms may locate at
the edge of graphene sheet layer or spaces [24,25]. As seen from
Fig. 2d, S atoms are mainly existed in the form of SOx in the NSGF
(Oxidized sulfur, S–O, ~167.5 eV, ~168.8 eV). That is, the oxygen-
containing groups of S are dope000 d at the edge of graphene sheets or
spaces [25].
The high-temperature annealing somewhere changes the composi-
tions or structures of graphene materials. After high-temperature an-
nealing, as shown in Fig. 3a, obvious peaks of C, O, N, and S in the a-
NSGF could be found, but the O content is significantly lower than that
of NSGF, revealing the significant reduce of the oxygen-containing
groups in NSGF after the high-temperature annealing treatment.
The composition of the a-NSGF was examined using XPS measure-
ment. In the XPS spectrum of the a-NSGF (Fig. 3b), the peaks similar to
those of the NSGF, with C]C (~284.8 eV), C–C (~285.5 eV), C–O
(hydroxyl and epoxy groups, ~287.3 eV) and C]O (carbonyl,
~290.5 eV). As shown in the high-resolution N1s XPS spectra (Fig. 3c),
the N atoms are in three different valence states, such as pyridine ni-
trogen (pyridinic, N-6, ~398.8 eV), pyrrole (pyrrolic N-5, ~400.0 eV)
and graphite state (graphitic, N-Q, ~400.9 eV) [24] in the graphene
Fig. 1. a) NSGF (left) and a-NSGF (right) on the Calliandrahaematocephala. b) The SEM image of the NSGF. (c) The SEM image of the a-NSGF. d) TEM image of the
NSGF. e) TEM image of the a-NSGF.
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skeleton, suggesting that the N atoms are incorporated into the carbon-
carbon bonds of the graphene. The N-6 of pyridine nitrogen connects
two carbons at the edge of the graphite surface and replaces the carbon
atoms in the hexatomic ring at the edge or vacancy of the graphene
sheet. N-6 gives an electron to construct the ring conjugate π bond, and
further provides a lone electron pair. In the process of oxygen reduc-
tion, it can adsorb oxygen molecules and intermediates of the reaction
process, thus improving the initial oxidation voltage and enhancing the
electrochemical activity of materials. It has been reported that the
higher content of N-6 in the nitrogen-doped carbon nanomaterials,
better electrochemical performance could be obtained, which implies
that a-NSGF should reveal excellent electrochemical activity. The above
characterization results prove that N atoms have been doped into the
grid network of graphene [26,27].
As can be seen from the high resolution spectrogram of S2p
(Fig. 3d), S2p peak can be fitted to the two main peaks: S2p3/2 of
~163.9 eV and S2p1/2 of ~165.0 eV, which are thiophene sulfurs (S-T)
[25]. The S–O in NSGF is transformed and doped into the crystal net-
work of graphene, which is consistent with the characterization result
of the significantly reduced O1s peak above. Therefore, it is speculated
that, in the process of high temperature annealing, S is modified on the
edges and defects of graphene with the form of thiophene structure, but
S does not replace the carbon atoms in the graphene lattice without
vacancy. Due to differences in atomic size and bonding behavior, it is
more difficult to mix S atoms than N atoms. Therefore, in a-NSGF, the
doping amount of S is less than N, and the bonding form is relatively
simple. However, the literature results show that the doping of S atoms
can specifically optimize the energy band of graphene, improve its
electrocatalytic activity, and the synergistic effect brought by N/S
double doping can also further improve the electrocatalytic perfor-
mance of doped graphene [24,27–29].
Raman spectroscopy is one of the most important methods to
characterize graphene materials. As shown in Fig. S3, both GF, NSGF
and a-NSGF have two distinct characteristic peaks: one is the D peak
near 1330 cm−1, which is related to vacancy defects and degree of
disorder of carbon and graphene in sp3 hybridization form. The second
one is the G peak near 1585 cm−1, which is related to the degree of
order of sp2 hybrid carbon and graphene. The ratio of D to G band
intensity (ID/IG) is usually utilized to gauge the degree of structural
disorder in the internal structure of graphene materials [30]. The
higher value suggests more disorder along with smaller average gra-
phitic crystalline size (La). Compared with GF, the ID/IG ratio of NSGF
increases when N or S heteroatoms were co-doped at the edge or va-
cancy of the graphene, resulting in the increasing of the disorder degree
inside the graphene material. The ratio of ID/IG increases from 1.26 for
GF to 1.46 for NSGF. After high temperature annealing treatment, the
ID/IG ratio of a-NSGF further increases to 1.50, when the NSGF was
1.46. Combined with the XPS spectrogram, it can be found that the high
temperature annealing allows the N or S heteroatoms have been mod-
ified at the edges or the gaps of the graphene sheet layer, and some of
the heteroatoms have been doped into the grid network of the gra-
phene, which increases the defects and disorder degree inside the gra-
phene material [31]. Both of the Raman spectrum and XPS results
confirm the doping characteristics of N/S heteroatoms.
Fig. 2. a) XPS survey spectra of the NSGF. High-resolution XPS spectra of (b) C1s, (c) N1s and (d) S2p peaks for the NSGF.
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The characterization results prove that a-NSGF has a porous struc-
ture with interconnection, which is conducive to the ion diffusion and
mass transfer resistance reduction. The three-dimensional carbon ske-
leton provides a convenient channel for the rapid conduction and
transfer of ions or electrons. The doped heteroatoms N/S increase the
internal defects of the graphene, multiply the reaction active sites in the
graphene. In addition, N atoms and S atoms in graphene lattice network
are performed through high temperature annealing, which changes the
charge distribution on the graphene surface and improves its electro-
catalytic activity. Therefore, it can be speculated that a-NSGF has good
electrochemical activity and will have great application potential in
electrochemical analysis.
3.2. Electrochemical characteristics of the a-NSGF modified electrode
Generally, under a suitable condition, H2O2 could be electro-
chemical reduced on electrode surface, and the reduction current in-
tensity presents the electrochemical activity of a modified electrode
towards H2O2. In order to explore the electrochemical characteristics of
the a-NSGF modified glassy carbon electrode (a-NSGF/GCE), cyclic
voltammetry (CV) was used to investigate the electrocatalytic activity
of the a-NSGF/GCE. The current responses of GCE, or glassy carbon
electrode modified by GF (GF/GCE), NSGF (NSGF/GCE) and a-NSGF/
GCE are presented in Fig. S4. In PBS buffer (0.1M, pH 7.0), no obvious
reduction current could be observed in the bare GCE, while GCE
modified with GF or NSG. For a-NSGF, a weak reduction current peak at
−0.5 V is toke place, which is due to the weak reduction of O2 in the
solution. After the addition of 4mMH2O2, for GCE, there is only in-
creased background current, no obvious reduction current could be
found. The modified electrodes of the GF/GCE, NSGF/GCE and the a-
NSGF/GCE reveal obvious reduction peaks of H2O2 around −0.5 V.
When the concentration of H2O2 reached 6mM, GCE is still un-
responsive, and the response currents of the GF/GCE, NSGF/GCE and
the a-NSGF/GCE increase significantly with the concentration increase
of H2O2. The a-NSGF/GCE gives the most significant current, indicating
that the a-NSGF has the most excellent ability to enhance the electron
transfer among those materials of GF and NSGF due to the N/S doping.
The particular 3D microstructure of a-NSGF provides multiple electron
paths, which possesses preferable electroactivity and displayed the
excellent electron transfer activity towards of H2O2. Furthermore, in the
experiment, the effect of the taurine/graphene (AESA/GO) oxide mass
ratio has also been taken into account. With the increase of AESA/GO,
the electrochemical response increases, however, the pore diameter of
a-NSGF tends to increase, which is caused by the escape of the gas state
of N and S in the AESA decomposes in the process of hydrothermal
reduction. The higher AESA/GO mass ratio makes the interior structure
of a-NSGF more fluffy, porous or even collapsed. Overall consideration,
the mass ratio of 3 for AESA/GO has been selected. In addition, Scheme
1 presents the proposed sensing mechanism for H2O2 using the a-NSGF/
Fig. 3. a) XPS survey spectra of the a-NSGF. High-resolution XPS spectra of b) C1s, c) N1s and d) S2p peaks for the NSGF.
Scheme 1. Proposed sensing mechanism of H2O2 using a-NSGF/GCE.
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GCE. Since the a-NSGF provides a convenient channel for the rapid
conduction and transfer of electrons, the good conductivity of a-NSGF is
more suitable as a mediator to transfer the electrons between H2O2 and
GCE, which results in larger current response.
3.3. Analytical performance of the a-NSGF modified electrode for H2O2
Based on the test results of CVs, the maximum current response for
H2O2 using the a-NSGF/GCE could be found at −0.4 V, which potential
was selected in further experiments. The results shown in Fig. 4a have
revealed the responses of the a-NSGF/GCE to H2O2 in the concentration
range of 0.5–18 μM, in which the current response value was obtained
by averaging the three repeated tests. With the gradual increase of H2O2
concentration, the response current also increased linearly (Fig. 4b) and
the linear relationship between the H2O2 concentration and their cur-
rent responses was found from 0.5 to 18 μM. After fitting, the linear
regression equation could be found as: y=−0.080× −159.0
(R2=0.999). The detection limit (LOD) was calculated to be 0.1 μM
following 3σ/k, in which σ represents the deviation after 11 parallel
analysis using 0.5 μMH2O2 and the k represents the linear slope. These
results indicate that the a-NSGF has obvious catalytic effect on the
electrochemical oxidation of H2O2, and can be applied to the detection
of lower concentration H2O2. In addition, in the higher H2O2 con-
centration range from 2.0 to 10mM, another good linearity between
the H2O2 concentration and the current response could also be found
with the linear regression equation is: y=−15.06× −225.2
(R2=0.992), indicating that the a-NSGF/GCE has the ability to detect
the higher concentration of H2O2.
Reproducibility and stability are important indicators of sensor
performance. In this study, the reproducibility and stability in the de-
tection of H2O2 are tested using the a-NSGF/GCE. In order to evaluate
the inter batch and batch reproducibility of the a-NSGF/GCE, 12 pieces
of the a-NSGF/GCE were prepared, and their respond currents were
recorded using 20 μMH2O2. The coefficient of variation for the inter
batch was found to be 6.8%. The batch reproducibility of the a-NSGF/
GCE prepared in different period was little large than that of inter batch
measurement, and 7.5% coefficient of variation was found for
20 μMH2O2. In the determination of long-term stability, the modified
electrode was exposed to air for 60 days. The experimental results show
that a-NSGF modified electrode revealed excellent long-term stability in
the H2O2 sensing, and response current maintained over 97% of the
initial test. On the one hand, it is thanks to the stable 3D skeleton
structure of a-NSGF, which ensures that the material inside does not
collapse or agglomerate, and the modified electrode can always main-
tain good electrical conductivity and fast electron transfer rate. On the
other hand, inorganic carbon-based materials are inert enough to resist
oxygen or water vapor in the air, and their chemical composition re-
mains stable.
The interference of co-existing ions and substances on the a-NSGF
modified electrode was tested. In the solution containing 20 μMH2O2,
no obvious change was found for its current responses when 10-folds
ascorbic acid (AA), uric acid (UA), dopamine (DA), acetaminophen
(AP), citric acid (CA) or glucose (GL), and 50-folds common inorganic
salts such as NaCl, KCl, NaNO3, NaNO2, Na2SO4, MgCl2 and CaCl2
(Table 1). There results indicate that the a-NSGF modified electrode is
of better anti-interference ability in the determination of H2O2.
3.4. Sample analysis
In order to investigate the feasibility of the a-NSGF modified elec-
trode in the determination of H2O2, H2O2 contents in several rain
samples collected in the summer season were detected. The detection
results were compared by the China National Standard Method (GB
5009. 226–2016). The test results shown in Table 2 reveal that the
concentration of H2O2 ranges from 1.5 μM to 3.3 μM. In addition, the
concentrations of H2O2 under the thunderstorm weather (sample 2 and
4) are obviously higher than those of no thunderstorm (sample 1 and 3),
which may concern complex weather processes. The recoveries ranging
from 92.8% to 106.7% indicate that the proposed modified electrode
could be used for the determination of H2O2 in water samples. The
present method was compared with the electrochemical determination
of H2O2 using different modified nanomaterials, and the results were
showed in Table S1 and revealed that the proposed approach is com-
parable with the published works in sensitivity and convenience.
Fig. 4. CVs of the a-NSGF/GCE with different concentrations of H2O2 from 0.5 to 18 μM (a), and higher concentration of H2O2 from 2.0 to 10.0mM (b). The insert
curves are the corresponding standard curve of the amperometric response to different concentrations of H2O2.
Table 1
Effect of the co-existing substances.
Substance Concentration (μM) Found (μM)a Relative signal (%)
NaCl 1000 19.3 96.6
KCl 1000 18.6 93.2
NaNO3 1000 20.5 102.5
NaNO2 1000 18.0. 90.0
Na2SO4 1000 20.7 103.6
MgCl2 1000 19.1 96.0
CaCl2 1000 18.5 92.5
Uric acid 200 216.6 108.3
Dopamine 200 197.4 98.7
Acetaminophen 200 191.2 95.6
Glucose 200 188.4 94.2
Ascorbic acid 200 207.0 103.5
a The addition concentration of H2O2 was 20 μM.
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4. Conclusions
In this study, using a common small biomolecular taurine as a
precursor, N/S diatomic-doped graphene foam (a-NSGF) was prepared
by a simple hydrothermal synthesis and high temperature annealing
method. The a-NSGF has a stable 3D skeleton structure, which is con-
ducive to rapid electron transfer. High temperature annealing enhances
its conductivity and electrochemical performance. In addition, the high
temperature annealing does modify the edge of the graphene layers of
atoms and vacancies, and influence the distribution of electron cloud
and active site. The modification greatly improve its catalytic activity.
In this study, a-NSGF modified electrodes have been successfully con-
structed and applied to the determination of H2O2 in rain samples, and
the results revealed that the approach is sensitive, rapid and con-
venient. The stable microstructure, inert chemical composition and
excellent electrochemical characteristics of a-NSGF make it easy to
contract stable and sensitive sensors, and is of great practical applica-
tion potential.
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Table 2
H2O2 determination results of rain samples using the reported method and the National Standard Method.
Samplea Detected results (μM, n=5) Addition (μM) Found (μM, n= 3) Recovery (%) GB5009.226–2016
1 1.5 ± 0.2 2.0 3.7 ± 0.2 105.7 1.42
5.0 6.2 ± 0.3 95.4
2 2.4 ± 0.3 2.0 4.7 ± 0.3 106.8 2.46
5.0 7.0 ± 0.4 94.6
3 2.1 ± 0.1 2.0 3.6 ± 0.4 95.0 2.32
5.0 6.3 ± 0.6 94.7
4 3.3 ± 0.4 2.0 4.9 ± 0.3 96.5 3.10
5.0 8.4 ± 0.5 106.7
5 1.8 ± 0.3 2.0 4.1 ± 0.3 105.1 1.85
5.0 6.4 ± 0.3 94.1
6 2.0 ± 0.2 2.0 3.9 ± 0.2 97.5 2.02
5.0 6.5 ± 0.3 92.8
a Rain samples were obtained in the period from June to August 2018, and the collection of sample 2 and 4 was performed under thunderstorm weather.
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